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Director of Thesis: Dr. Verne Simon 
·This study was conducted to investigate-the prepara-
tion and reactions of 2-benzo[bl thienylsodium. ···A synthesis 
was found which reduces the reaction time for preparation of 
·2-benzo[b]thienylsodium from several days to twenty minutes. 
This conclusion was based on the appearance of the color of 
the 2-benzo[b]thienylsodium. The color of the•organo~odium 
was reported to be, and confirmed by this study, a deep red-
violet or.purple precipitate. 
The 2-benzo[b]thienylsodium was prepared by stirring, 
under nitrogen, benzo[b]thiophene with a large excess of 
sodium sand. Although the purple precipitate was produc_ed 
in twenty minutes, the stirring was continued for twenty-four 
hours to insure completeness of reaction. 
Reactions of 2-benzo[b]thfenylsodium with·benzaldehyde, 
benzophenone, acetophenone, and benzyl chloride were studied. 
After the reactions with benzophenone and benzaldehyde, it 
was found that when ethanol was added to destroy the excess 
sodium, complicated side reactions occurred, for the products 
isolated were not the products expected. The reaction of 
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the organometallic with benzaldehyde-produced phenyl 
(2-benzo [b] thienyl) - methane;· with benzophenone- it produced 
diphenylmethanol. 
·rn subsequent reactions the excess s0dium was removed, 
and the products isolated were•the expected products. Reac-
tion of 2-benzo-[b] thienylsodium- with benzyl-- chloride .gave 
phenyl-(2-benz0[b]thienyl)methane. Reacti0n with- aceto-
phenone produced l-phenyl-1 (2-benzo [b·]thienyl) ethanol. 
Reaction with benzaldehyde produced pheny1(2-benzo[b]thienyl) 
methanol, which was partially purified using thin layer 
chromatography. 
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CHAPTER I 
HISTORICAL INTRODUCTION 
The metalation of benzo[b]thiophene has been reported 
(1,2,3) using ethylmagnesium.bromide, sodium amide, sodium 
powder in ether, mercuric acetate· and n-butyllithium. In 
our research we have metalated benzo[bjthiophene with sodium 
sand in tetrahydrofuran· and studied·its reactions with 
carbonyl compounds. 
Benzo[b]thiophene was first metalated in 1929 by 
Weissgerber and Krube·r (1), who found that a treatment in 
the usual way with Grignard reagents did not work. However, 
when the benzo[b]thiophene was dissolved in N,N-dimethyl-
anilin•e and mixed with ethyl bromide and magnesium in ether, 
heat was evolved and ethane was liberated. To show that an 
organometallic compound had b,een ·for!(led, the ether was re-
moved and'dry ice then added to the reaction mixture. The 
solution was acidified yielding benzo[b]thiophene-2-carboxylic 
, 
acid. 
In the same paper (1) cited above, the authors reported 
the production of 2-benzo [b]thienylsodium and 2, 3-ben'zo [b]-
thienyldisodium. These compounds were prepared by addition 
of benzo[b]thiophene to a solution of sodium amide in xylene 
and heating to 145°C. The compounds were identified as the 
1 
2 
methyl esters after ·conversion of the. metala_ted·-compounds to 
the corresponding acids. 
Schonberg, Petersen and Kaltschmitt (2) in 1933 
reported the preparation.-- of, l, 2-benzo [b ]thienylsodi um which 
was· free" of the- 3-suestituted"·isomen • Sodium- powder in an 
ether .. solution of benzo,[blthiophene- gave- a- vigorous reaction. 
After 24 hours-the solution turned to red and iri a few days 
deposited a deep red-violet precipitate of 2-benzo[blthienyl-
sodium. When treated with dry ice·and acidified, the reac-
tion gaye only benzo[b]thiophene-2-carboxylic acid. 
Challenger and Miller (3) in 1939 observed that 
benzo[b]thiophene reacted slowly with mercury(II)chloride 
in ethanol. Addition of sodium acetate to the reaction mix-
ture ~_roduced 2, 3-benzo [bl thienyldimercurichloride. Reflux-
ing benz6[b]thiophene with mercury(II)oxide in methanol, 
water and acetic acid produced 2,3-benzo[b]thienyldimercuri-
acetate. By stirring benzo[blthiophene with mercury(II)ace-
tate in water and ethanol, 2-benzo[b]thienylmercuriacetate 
was obtained and converted to 2-benzo[b]thienyl·ethyl ketone 
with the addition of propanoyl chloride. By refluxing 
2-benzo [bl thienylmercur.h1cetate with calcium chloride in 
ethanol, bis[2-benzo[b]thienyl.Jmercury was obtained. 
Blicker and Sheets (4) in 1949 prepared 2-benzo[bl-
thienylmethanol. The-precursor, 2-benzo[b]thienylsodium, 
was made· by following the procedure of Schonberg, Petersen 
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·and Klatschmitt -(.2.),• Sodium powder·was·allowed-to react with 
benzo[b]thiophene .for·forty-eight·hours. Formaldehyde, gen-
erated by heating paraformaldehyde at 180°c, was passed into 
the reaction·.· · After, acidifying, 2-benzo [bJ thienymethanol was 
collected·in·56% yield. 
· Metalation of· benzo•[b]thiophene· was also accomplished 
by Shirley and Cameron- •.(5) by·· 1950. · ·An· ethereal solution· of 
n-butyllithium was prepared by refluxing n-butylbromide and 
lithium wire in ether. To·the n-butyllithium solution was 
added benzo[b]thiophene and the reflux continued. After treat-
ment with dry ice and hydrochloric acid, benzo[b]thiophene-
2-carboxylic acid was obtained in 54.6% yield. 
Several react.ions o:f; 2-benzo [bl thienylli thium were 
reported by Shirley and Cameron (6) in 1952. The reaction 
.of 2-benzo[b]thienyllithium with bromine gave a 39% yield of 
2-bromobenzo[b]thiophene and also--a 16% yield of 2,2'-dibenzo-
[b]thienyl, Alkylation of 2-benzo[b]thienyllithium with 
methyl p-toluenesulfonate gave 2-methylbenzo[b]thiophene in 
43% yield.· Good yields-of-the corresponding alcohols were· 
produced by·reacting the"organolithium compound with acetal-
dehyde, benzaldehy.de,-p-chl0r0benzaldehyde and p-dimethyl-
aminobenzaldehyde. 
In 1968 Dickinson and Iddon (7) metalated benzo[b]-
thiophene at the three position-for the first time. The 
3-benzo[b]thienyllithium was prepared in situ by treating 
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3-bromobenzo[b]thiophene-with n-butyllithium. It was 
nece,:;sary that the lithium·. compound·· be- prepared in diethyl 
. ether and·· at -70°C.; ·otherwise, -mixtures of· products would· 
have resulted-in·treatingit-with the appropriate reagent. 
Hexane and- tetrahydrofuran were,found to be unsuitable as 
solvents for-·this· metal-halogen exchange reaction; they- gave 
rise to mixtures of products even when the reactions were 
conducted at -70°C. The reactions of 2-benzo[b]thienyllithium 
and 3-benzo[b]thienyllithium are very similar. 
·CHAPTER II 
EXPERIMENTAL 
I. GENERAL PREPARATIONS 
Sodium Shot 
To a 500 ml three-neck flask equipped with a cone-
driven mechanical stirrer and a Friedrichs' condenser were 
added 250 ml of toluene and 10 grams of clean sodium. -The 
toluene was -heated to· reflux· with· a ··Glas-Col heating mantle 
connected to a powerstat. When the toluene began to reflux, 
stirring was begun at a speed that would just prevent the 
sodium from splashing into the condenser. After fifteen 
minutes the powerstat,was de-energized and the stirrer set 
at such a speed that there was vigorous but smooth stirring. 
The toluene. was allowed to cool to room temperature, then 
decanted and the sodium·shot blanketed with a layer of 
tetrahydrofuran. The sodium shot used in all experiments 
was prepared in this manner and in these quantities. 
2-Benzo[b]thienylsodium 
A 500 ml· three-neck flask containing 10 grams of 
freshly prepared sodium shot was equipped with a cone-driven 
mechanical stirrer, ·a F.riedrichs condenser, and a vacuum-
connecting tube. A calcium chloride drying tube was placed 
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in the condenser. The side-arm-of the-vacuum-connecting 
tube was connected to- a- n_itrogen tank. The top joint ?f the 
connecting tube was --fitted with a 12 5 ml separatory funnel. 
To the flask was added 200 ml-of tetrahydrofuran. The stir-
rer was energized .and: .. set --at., a •.low speed. Then 10. O grams 
of benzo [b-) thiophene- in· 50 · ml,: .of tetrahydrofuran was drippe'd 
into the flask over a one-hour period, under.nitrogen. 
After ten minutes the sodium began to turn red, and after 
twenty minutes the solution became a very deep purple. 
After one hour the flow of nitrogen was stopped and the dry-
ing tube quickly replaced with a glass stopper. The stir-
ring was continued for an additional twenty-three hours. 
The solution became very viscous and· appeared to be black. 
However, when the solution splashed at the top of the flask, 
a deep'blue or purple color could be seen as the liquid ran 
down the side of the flask. After an average of -seven hours 
stirring, the sodium sand or shot fused into a very porous 
ball. The 2-benzo[b]thienylsodium was always prepared in the 
procedure described above. The reactions of 2-benzo[b]thienyl-
sodium were always started twenty-three hours after the addi-
tion of the benzo[b]thiophene. Except for the carbon dioxide 
reaction, all reactions were ·started by replacing the glass 
stopper with a calcium chloride drying tube and resuming the 
flow of nitrogen, In all experiments the stirring was con-
'tinued until the entire synthesis had been completed. 
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II. REACTIONS· OF 2-BEN,ZO{b] THIENYLSODIUM 
Reaction with Carbon Dioxide 
The condenser-·was-removed, and· a stream of nitrogen 
was again run through the flask·. The temperature was lowered 
to 0-2°C using-an ice bath •. The ice.-bath was removed and 
the 2-benzo[b}thienylsod-ium,·carbonated · with, 150· grams of 
freshly crushed dry ice. "The reaction- was allowed to warm 
to room temperature. Then 100 ml of ethyl alcohol was dripped 
into the reaction flask over a one hour period. Caution: 
alcohol must be added slowly to prevent frothing which will 
cause material to flow up the condenser and out over the 
desk. The frothing is caused by the hydrogen liberated in 
the reaction between ethanol and .sodium. After addition of 
alcohol, 100 ml of distilled water was added 0 cautiously, 
The solution was transferred to a one-neck, one-liter, round 
bottom flask. Tetrahydrofuran and excess alcohol were re-
moved in a rotary vacuum evaporator over a warm water bath. 
The solution was filtered and.acidified with·S% hydrochloric 
acid. The precipitate was filtered with a Buchner funnel 
washed with dilute hydrochloric acid, then with distilled 
wate.r, and placed in a vacuum oven at 35°C for six hours. 
The crude yield was 8.7 grams (67%) of yellow material. The 
crude benzo[b]thiophene-2-carboxylic acid was dissolved in 
10% sodium hydroxide, and the solution was filtered. The 
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filtrate was treated with·excess 5% hydrochloric acid and 
filtered, The precipitate was washed with. 5% hydrochloric 
acid-and then with·distilled water, air dried, and recrystal-
lized from methanol. 
Yield: 5.1 g or 39%, m.p. 235°C uncorricted. 
Infrared and mass spectra were taken and can be found 
in Figure.! and Figure 2, respectively. 
Reaction with Benzaldehyde (First Method) 
To the separatory funnel was added 7.90 grams of 
benzaldehyde dissolved in 20 ml tetrahydrofuran. The solu-
tion was allowed to drip into the reaction vessel over a 
twenty-minute period. As the benzaldehyde dripped into the 
reaction vessel, the tetrahydrofuran began to reflux and the 
deep purple color began to vanish. After all of the benzal-
dehyde solution had been added,. the liquid in the flask had 
become a very clear, pale yellow. The reaction mixture was 
allowed to cool to·room temperature. Then 100 ml of ethanol 
was added, dropwise over a ,;me.,-hour period. Next lo 0 ml of 
distilled water was added cautiously. The solution was trans-
ferred to a one-neck, one-liter flask, and the tetrahydrofuran 
and.excess ethyl alcohol were· stripped off with a rotary 
evaporator. 
tory funnel. 
The remaining suspension was placed in a separa-
The flask was washed twice with·distilled water 
and twice with ethyl ether. The washings were placed in the 
separatory funnel. The water layer was extracted twice with 
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200 ml of ether. The ether layer was dried over calcium 
chloride, filtered, and allowed to evaporate slowly overnight 
in the hood. The next day there were crystals suspended in 
about 0.25 inches of oil in the bottom of the beaker. The 
suspension was filtered and washed twice with 10 ml of etha-
nol and air dried. The crude yield was 7.02 grams of gray 
powder. The crude product was recrystallized three times 
from absolute ethynol. The last recrystallization took 
place slowly overnight in a recrystallization chamber--a 
small cardboard box lined with styrofoam and equipped with a 
fitted top which was also lined with styrofoam. The product 
was found to be phenyl(2-benzo[b)thienyl)methane. 
Yield: 3.19 grams or 5.6%, m.p. 85.5°C uncorrected. 
Anal. Calcd. for phenyl(2-benzo[b)-thienyl)methane: 
C, 80.31%; H, 5.35%; S, 14.33%. 
Found: C, 80.24%; H, 5.51%; S, 14.49%. 
Infrared, N.M.R., and mass spectra were taken and can 
be found in Figure 3, Figure 4, and Figure 5, respectively. 
Reaction with Benzophenone 
A solution of 13.6 grams of benzophenone in 25 ml 
tetrahydrofurah was allowed to drip into the benzo[b)thienyl-
sodium suspension over a thirty-minute period. There appeared 
to be no heat of reaction nor color change. The mixture was 
heated to reflux for four hours. There was no evidence that 
a reaction had taken place. The flask was allowed to cool 
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to room temperature. A glass stopper was placed in the 
condenser after the nitrogen had been turned off. The mix-
ture was stirred for another twenty-four hours, after which 
time, 100 ml of ethanol was aaded dropwise over a one-hour 
period. Then 100 ml of distilled water was added cautiously. 
The solution was transferred to a one-neck, one-liter flask, 
and the tetrahydrofuran and excess ethanol were removed with 
a rotary evaporator. The suspension was placed in a separatory 
funnel and extracted twice with 200 ml of ether. The ether 
was dried over calcium chloride, filtered, and ~laced in the 
hood to evaporate. When the ether had evaporated, the re-
maining oil was filtered. The residue was recrystallized 
three times from petroleum .ether (65-110°C). The last re-
crystallization took place overnight in the recrystallization 
chamber. The crystals were long, clear, very pure needles, 
later identified as benzhydrol. 
Yield: 8 grams; m.p. 67-68°C, uncorrected. 
Infrared and N.M.R. spectra were taken and can be 
found in Figure 6 and Figure 7, respectively. 
Reaction with Acetophenone 
A solution of 8.95 grams acetophenone in 25 ml of 
tetrahydrofuran was added in the usual manner. As the aceto-
phenone dripped into the reaction flask, the deep blue color 
began to disappear and the tetrahydrofuran began to reflux. 
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After one·hour all·the·acetophenone had been added and the 
·reaction had cooled· to·' rooll\· temperature. The· final solution 
was a·very light yellow., The-excess· sodium, which had coagu-
lated into· a ball,. was,·.removed---with' a- spatula- and destroyed 
fn a 40% solution ·of ethanol·- in toluene. The yellow liquid 
was ·transferred to .a •,one-li t,er, one-neck· flask containing 
50 ml ethanol·and-100 ml water. Th~ tetrahydrofuran was re-
moved with a rotary-evaporator and the remaining suspension 
·extracted' twice with 200 ml of ether. • The ether was dried 
over calcium chloride, filtered, and placed in the hood to 
evaporate. After twenty-four hours the ether had evaporated. 
However, in this reaction there were no crys-tals suspended 
in the remaining oil. The oil was transferred to a 30 ml 
two-neck, heart-shaped disti1ling flask with the side neck 
of the flask containing a capillary addition tube attached 
to a ~itrogen balloon. The oil was vacuum distilled to dry-
ness. Three fractions were collected with the· following 
, boiling ranges: 95-98°C, 100-105°C, 22l-225°C. Left behind 
was 7; 02 grams··of fluorescent- residue which was recrystallized 
from petroleum ether. 
An•infrared-spectrum of the oil after all the 95-98°C 
component had been removed :'<as taken and is found in -Figure 8. 
Reaction with Benzyl Chloride 
~
A solution of 9.4 grams benzyl chloride in 25 ml 
tetrahydrofuran was added dropwise to the benzo[b]thienyl-
sodium. The reaction was treated similarly to that for 
acetophenone except that after the ether had evaporated 
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there was some solid in the oil. The oil was filtered and 
the residue washed with 5 ml ethanol. The product was re-
crystallized thr~e times - in petroleum ether. The last time 
the recrystallization took place in the recrystallization 
chamber. Even after three recrystallizations the product was 
not white and the melting range was quite wide. 
Yield: 1.5 grams; m.p. {vacuum), 120-132°C. 
Infrared and N.M.R. spectra were taken and can be 
found in Figure 9 and Figure 10, respectively. 
Reaction with Benzaldehyde {Second Method) 
To the 2-benzo[b)thienylsodium reaction was added 
7.9 grams of benzaldehyde dissolved in 25 ml tetrahydrofuran. 
The reaction was treated as in the case of the acetophenone 
reaction except that after the ether had evaporated there 
were some crystals in the oil. The oil was filtered and the 
residue recrystallized three times from carbon tetrachloride. 
The recrystallization chamber was used for the last recrystalli-
zation. The product looked very white, but had a broad melt-
ing range. Three grams of yellow crystals were isolated from 
the mother liquid. 
Yield: 6.5 grams; m.p. 62-8~°C. 
Infrared, N.M.R., and mass spectra were taken of the 
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white product and can be found in Figure 11, Figure 12, and 
Figure 13, respectively. 
III. THIN LAYER CHROMATOGRAPHY 
An attempt was made te purify the product from the 
second benzophenone experiment using thin layer chromato-
graphy. Five 20 x 20 cm plates were prepared using a slurry 
of 35 grams Warner-Chilcott Laboratories Silica Gel G with 
gypsum binder to 60 ml distilled water. Another five plates 
were prepared using 40 grams Baker T.L.C. Silica Gel 7GF 
containing approximately 13% CaSO~•0.5 H2O and 4% fluorescent 
indicator to 100 ml distilled water. All plates were dried 
in an oven at 100°C for one hour. One percent solutions in 
ether were used to make spots in the initial tlc work. 
In an attempt to find a suitable developer, solutions 
were made from both the products in the second benzaldehyde 
experiment. The solutions were spotted onto the fluorescent 
plates, and after the addition of each drop the spots were 
dried with a hot air gun. The plates were placed in cham-
bers saturated with the vapors from the solvent. Several 
solvents were tried. Butanol-acetic acid-water, methanol-
ethyl acetate, petroleum ether-ethyl acetate and ethyl ace-
tate were too polar and produced Rf values of greater than 
0.85 for all components. Petroleum ether was tried and 
apparently was not polar enough, for it moved the spots only 
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2 cm. Benzene was f0und to separate the alcohols into four 
separate spots with widely differing Rf values. Both the 
yellow material and the white material gave identical chroma-
tograms. The Rf values for the alcohols were calculated by 
placing the fluorescent plates in a viewing box equipped with 
ultra-violet light. The alcohols and impurities appeared as 
dark spots on an otherwise glowing surface. The largest spot 
was assumed to be the alcohol. After the Rf of the largest 
spot had been calculated, a thin band (5-8 mm) was applied 
0.75 inches from the bottom of the plate. 
A solution of 1.2 g yellow product in 10 ml ether was 
applied equally to five plates 0.75 inch from the bottom. 
The applications were made using a 2 ml pipette (9) bent at 
a 60° angle two inches above the bulb and a 60° angle two 
inches below the bulb and containing a wick made from a piece 
of yarn 0.5 inch long held in the tip of the pipette by a 
loop of copper wire. Several successive applications were 
made and each time the layer was dried with a hot air gun 
between applications. The five plates were developed in 
benzene tanks until the benzene had reached to within 0.75 
inch from the top of the plate. The plates were then removed 
from the tanks and dried with a hot air gun. The chromato-
grams were placed in the u. v. box and the four bands marked. 
Each of the four bands was scraped off with a spatula and 
placed in separate beakers. The corresponding bands from 
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all five plates were c0mbined, To each beaker was added 
100 ml of anhydrous ethyl-ether. The ether samples were 
heated t0··boiling on a steam bath and filtered through fritted 
disc funnels.· An-additional-SO-ml of hot ether was run 
through each funnel.., .The-, ether was evap0rated in the· hood. 
The top band gave a trace ef yellow oil. There was no visi-
ble evidence that the second band contained anything except 
a slight flu0rescence when placed in the u. V. box. From 
the third band there was isolated 0.8 g of white crystalline 
material by recrystallization from carbon tetrachloride. 
The m~lting point taken in a vacuum capillary tube was 
64-77°C. The-yield-from-the bottom'band, which had a Rf of 
O, was a trace o·f brown material anq was neglected. The 
0.8 g from the 0 third band was transferred to a vial and 
placed in a vacuum desiccator. 
Before the purer of the· two samples from the benzal-
dehyde experiment was chr0matographed, an exp·eriment was run 
to ascertain any differences between the chromatographic 
results on regular and fluorescent silica gel. 
The remainder of·the-1% solution of the white material 
was placed on a plate of nonfluorescent silica gel in the 
manner described before. The plate was developed in benzene, 
dried with a hot air gun and placed in a chamber of iodine 
vapors. When the iodine vapors came in contact·· with organic· 
material, a brown color was forme~. This chromatogram was 
similar in all respects to the chromatogram of the same 
material developed on the fluorescent plate and viewed in 
the U. V. hood. Thus the Rf values appear to be the same 
whether run with .fluo~escent or regular silica gel. 
A solution was prepared using 2.0 g of the white 
sample disselved in 10 ml of ether. One ml of the sample 
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was applied to each of ten plates coated with nonfluorescent 
silica gel. The samples were spotted onto the plates using 
a 1.00 ml syringe. The plates were developed in benzene. 
When the solvent reached to within 0.75 inch of the top of 
each plate, the plates were removed and dried with a hot air 
gun. A band one inch wide centered at an Rf of 0.45 was re-
moved with a spatula from each of the ten plates. The silica 
gel from this band was boiled with 300 ml ether, filtered 
using a fritted disc funnel and placed in the hood to evapo-
rate. The ether was transferred to a 50 ml beaker when all 
but 10 ml had evaporated. The large beaker was washed twice 
with 10 ml of ether. The washings were added to the SO ml 
beaker. The remaining ether was evaporated to dryness and 
white material recrystallized twice from carbon tetrachloride. 
The yield was 1.7 g. However, even after tlc, the melting 
range remained wide, 64-77°C. Infrared, N.M.R., and mass 
spectra were taken and can be found in Figure 14, Figure 15, 
and Figure 16, respectively. 
CHAPTER III 
DISCUSSION 
The original purpose of this research was the 
preparati_on of s0dium tetrakis(2~benzo [b']thienyl boron and 
a study of its analytical_properties. In a·previous experi-
ment sodium tetrakis 0(2~thienyl) boron was obtained by reacting 
2-thienylsodium with .b9ron trifluoride etherate. The yield 
was·betterthan the only· reported preparation; which involved 
the Grignard reagent. It·was thought that the reaction of 
2-benzo [blthienylso_dium with boron trifluoride etherate would 
give sodium tetrakis•(2~benzofb~ thienyl) boron. 
Schonberg and coworkers (2) reported the only 
preparation· of 2~benzo,[bJthienylsodium that was·· free of the 
3-substitute~ isomer; The reaction 0f sodium powder with 
benzo[b]thiophene at·room temperature in•ether produced, 
after several days.;. · 2=benzo-(b] thienylsodium as· a deep red-
violet precipitate. When we substituted tetrahydrofuran for 
the ether ·in·· an attempt to decrease the reaction time the 
deep red~violet precipitate began to appear after only 
twenty minutes. 
Although the 2~benz0-[b]thienylsodium appeared to be 
produced in good ·yield; when it was reaeted··with· boron tri-
fluoride etherate', no sodium tetrakis (2~benzo-[b] thienyl) 
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boron: was produced, and after repeated failure in isolating 
the boron compound, the project was abandoned. However, work 
was continued with the 2-benzo[b]thienylsodium since our 
preparation was faster th~n that reported in the literature. 
To show that 2-benzo[b]thienylsodiurri had, in fact, 
been formed, freshly .crushed dry ice was added to the purple 
suspension formed· in the reaction of benzo.[b] thiophene with 
sodium shot. After the excess sodium had been destroye9 
with alcohol, the solution was acidified to yield 65.5% 
benzo[b]thiophene-2-carboxylic, acid. The mass spectrum of 
the acid (Figure 2, page 10) shows the parent peak at 178, 
corresponding to tqe correct molecular weight. The litera-
ture (2) reports a melting range of 2·36-236.5°C for the acid. 
We found that it sublimed at about 235°C. 
Several reaction~ of 2-benzo[b]thienylsodium were 
studied. Products were obtained with benzophenone, benzyl-
chloride acetophenone and benzaldehyde. With acetone, :('ur-
fural and mesityl o~ide, no products were isolated, although 
there was evidence that a reaction had occurred in.each case. 
In each case in which a product was isolated, the 
initial product was a very viscous, yellow-brown oil. The 
final products would slowly crystallize from the oil. With 
acetone and mesityl oxide a yellow-'brown oil was also ob-
tained, but l'\O products were isolated. The furfural produced 
a deep-black tar. No attempt was made to isolate the corre-
sponding alcohol from this reaction. 
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Ethyl alcohol was addi::id to destroy the excess sodium 
after the reactions of .2-benzo[b]thienylsodium with benzophe-
none and benzaldehyde. In each of these reactions, as the 
alcohol was added a very foul odor was noticed. The unpleas-
ant odors may have been orthosubstituted thiophenols, for 
Fricke and Spilker (10,11,12) reported in 1925 that benzo[b]-
thiophene may be-hydrogenated with sodium and alcohol to 
produce 0-ethylthiophenol and 2,3-dihydrobenzo[b]thiophene. 
-In all other reactions the excess sodium was removed 
from the reaction mixtures before attempts were made to iso-
late the corresponding alcohols. By removing the sodium be-
fore hydrolysis of the reaction mixture, the obnoxious odor 
was eliminated, and the resulting oil was a lighter shade of 
yellow. 
The first reaction of benzo[b]thienylsodium to be 
studied was that with benzaldehyde. The reaction proceeded 
smoothly and hydrolysis with alcohol was carried out tn the 
presence of a large .. excess of sodium. A white product with 
a very sharp melting point was obtained. Infrared, N.M.R. 
and mass spectra were taken and can be found in Figure 3, 
Figure 4, and Figµre 5 (pages 12, 13, and 14), respectively. 
To our surprise, the infrared spectrum (Figure 3) 
showed no hydroxyl group. All· attempts to prepare an alcohol 
derivative resulted in destruction of the compoun.d. The 
N.M.R. spectrum (Figure 4) shows no hydroxyl proton. The 
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spectrum was not altered by shaking with deuterium oxide and 
therefore the compound contains no exchangeable protons. 
The mass spectrum indicates a molecular weight of 224 rather 
than the expected molecular weight of 240. There is a P + 2 
peak of S% in the mass spectrum indicating that sulfur is 
present in the sample. An elemental analysis, performed.by 
I 
Schwarzkopf Microanalytical Laboratory, confirmed that the 
compound contained no oxygen. 
Assuming that the compound contains one sulfur atom 
(P + 2 peak of S% in the mass spectrum), the elemental analysis 
and molecular weight indicate a probable empirical formula 
of C15 H12S. The melting point of the compound, 8S.S°C, agrees 
with that reported for pheny1(2-benzo[b]thienyl)methane (13). 
The infrared and N .M .. R. spectra strongly support the hypothe-
sis that the product is phenyl(2-benzo[b]thienyl)methane. 
Why phenyl(2-benzo[b]thienyl)methane was produced 
and not phenyl(2-benzo[b]thienyl)methanol is a matter of 
conjecture. However, in a later experiment, in which the 
excess sodium was removed before ethanol was added, the 
expected alcohol was produced. 
It may be that when ethanol was added to destroy the 
excess sodium, the sulfur containing ring of the alcohol was 
hydrogenated, reaction l, followed by 
dehydration, equation 2, and finally rearrangement 
H H ~ rph 
~s{~ > 
to give the aromatic structure, equation 3. 
©Q-cH,ph 
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(1) 
(2) 
(3) 
It could also be that water is not split in equation 
2, but rather something similar to equation 4 may have oc-
curred with equations land 3 
OOHH~H 6-ph H ~ 
E+O:/ 
remaining the same as shown. 
) 
H H H 
©(>=<,, (4) 
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The reaction between benzaldehyde and 2-benzo[b]-
thienylsodium was repeated, but this time most of the exc1=sei 
sodium was removed. However, it was not possible to com-
pletely remove all the sodium due to its finely divided 
state. The fine sodium powder was destroyed with ethanol 
and acted as-a reducing agent because two alcohols were iso-
lated in this reaction. T~e alcohols were pheny1(2-benzo[b]-
thienyl)methanol and the same alcohol-with the sulfur con-
taining ring hydrogenated. A mass spectrum was taken and 
can be found in Figure 13, page 2.6. The two alco.hols seem 
-to have been produced in about the same amount. The peak at 
240 is the parent peak of pheny1(2-benzo[b]thienyl)methanol. 
The peak at 242 is the parent peak of the hydrogenated alco-
hol plus 5% of the 240 peak caused by the heavy isotope of 
sulfur in that compound. 
An infrar_ed spectrum was taken and can be found· in 
Figure 11, page 24. The spectrum shows that there is oxygen· 
to hydrogen bonding and that there are two different kinds 
of oxygen to hydrogen bonding present. 
The N.M.R. spectrum of the alcohol mixture is shown 
in Figure 12, page 25. When th'e sample was shaken with 
deuterium oxide, the broad peak at 2 .95 p_.p.m. was removed. 
An attempt was made to separate the alcohols using 
thin layer chromatography. The aromatic alcohol was found 
to-have an Rf value of 0.45. A yellow oil was found at 
an Rf of 0.89. However, no work was done on any product 
other than the one isolated at the Rf of 0.45. 
The· product from the tlc was recrysta_llized four 
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times from carbon tetrachloride but still had a very broad 
melting range, 64-77°C; literature val_ue • (6), 88°C. The 
infrared spectrum of the alcohol is shown in Figure 14, page 
30. It is similar but somewhat different from the spectrum 
of the mixture (Figure 11, page 24). The mass spectrum 
(Figure 16, page 32) shows that the 242 peak has been removed 
except for the 5% P + 2 peak caused by sulfur. 
We shall now consider the reaction between 2-benzo[b]-
thienylsodium and benzophenonf!. This was an attempt at the 
synthesis of diphenyl(2-benzo[b]thienyl)methanol. However, 
there was no evidence of reaction. The fact that the reaction 
did not proceed may have been due to steric hindrance between 
the large phenyl·groups· and the even larger· benzo[b]thienyl 
group. 
The product isolated was diphenylmethanol. This 
compound was produced from the reduction of benzophenone 
with sodium and ethanol. In this reaction the excess sodium 
was not removed before the addition of ethanol. Infrared 
and N.M.R. spectra are shown in Figure 6, page 16, and 
Figure 7, page 17, respectively. 
The infrared and·N.M.R. spectra of diphenylmethanol 
were compared with known spectra from Sadtler. microfilm .and 
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found to be similar in all.respects. The peak at 2.28 p.p.m. 
was removed from the N.M.R. spectrum by shaking with deuter-
ium oxide. A mixture melting point with known diphenylmetha-
nol produced no depression in the melting point. 
The reaction between acetophenone and 2-benzo[b]thienyl 
produced a yellow oil. In this reaction the excess sodium 
was removed b~fore hydrolysis with ethanol. However, the 
products did not crystallize from the oil as in previous ex-
periments. 
In an attempt to isolate the alcohol, the product was 
vacuum distilled to remove any remaining solvent or unreacted 
acetophenone. After all the component which came off at 95-
980C/15-35 mm had been removed, an infrared spectrum was 
taken on the residue and. is shown in Figure 8, page 19. 
The spectrum strong·ly · suggests that an alcohol had in fact 
been produced. However, the residue remained an oil and no 
crystals formed. As the heat was increased, to take more 
fractions, a mist formed in the apparatus indicating decom-
position of the alcohol, for the infrared-spectra of subse-
quent fractions indicated that the alcohols were present. 
After three more fractions were·taken, a yellow-fluorescent 
solid remained in the distilling flask. 
Parham and Gadsby (14) reported the production of 
l-phenyl-1(2-benzo[b]thienyl)ethanol in "1960. When 2-benzo-
[b]thienyllithium was reacted with acetophenone, a yellow 
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oil was obtained. The oil was distilled at 168-170°/0.l mm. 
The alcohol crystallized slowly from the distillate and had 
a melting range-of 56.5-58°C. 
What probably happe'ned in our case was that the 
vacuum used was not strong enough to reduce the pressure 
sufficiently so that the compound could be distilled at low 
enough temperatures to prevent decomposition. We used an 
aspirator which will produce a.pressure of 15-35 mm and 
heated the flask to 225°C. Parham and Gadsby (15) report 
that the alcohol will dehydrate under mild conditions to 
give l-phenyl-1(2-benzo[b]thienyl)ethylene which polymerizes 
at room temperature to give a fluorescent material. This 
did occur in our case. 
Addition of benzyl chloride to the 2-benzo[b]thienyl-
sodium solution gave a vigorous reaction. However, very lit-
tle o'f. the product was isolated and after rei;>eated recrystal-
lization, it still did not give a sharp melting point. The 
melting points were·taken in vacuu~ capillary tubes. The 
material in the m.p. tube seemed to become moist at about 
65°. A slush would form at 120° and by 132° all the mater-
ial would have melted. An infrared spectrum was taken and 
can be found in Figure-9, page·21. It is very similar to 
the spectrum of phenyl(2-benzo[b]thienyl)methane in Figure 
10, page 22; however, they should be the same. 
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The following suggestions are offered for future work. 
A time·study of the rate of reaction between sodium sand and 
bE!nZo[b]thiophene in tetrahydrafuran should be done. This 
could' be done by starting several reactions and then adding 
dry ice at one hour intervals and collecting the acid to see 
if it is necessary to run the reaction for twenty-four hours. 
The literature (2) reports that several days are · 
necessary to produce the deep purple color of 2-benzo[b]-
thie~ylsodium. By using the technique reported herein, the 
purple color is produced in twenty minutes, and perhaps that 
is really all the time that is necessary. From the percent 
yield of carboxylic acid, a reasonable starting time could 
be determined for any subsequent reactions. 
Also, changing the dry ice to gaseous carbon ·.dioxide 
may be a desirable experiment. In the several hours between 
the departure of the dry ice,from Lexington and its arrival 
and use in the reaction at Morehead it has had time to absorb 
much water in the form of ice. This would greatly reduce 
the yield of carboxylic acid. 
The carbon dioxide, after passage through a drying 
column, would be released slowly above the surface of the 
reaction suspension. The carbon dioxide would be absorbed 
by the liquid to produce the acid, hopefully in higher yields. 
Another thing that would be of interest would be to 
run all of the experiments over at reduced temperatures and 
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to use something other than calcium chloride for a drying 
agent. It is believed that in most cases, the heat of reac-
tions between the carbonyl compounds and 2-benzo[b]thienyl-
sodium is enough to damage the compounds desired in the 
reactions. 
It would also be of- interest to·prepare some phenyl-
.. 
(2-benzo[b]thienyl)methanol and determine if it could be 
hydrogenated to pheny_l (2-benzo [h]thienyl) methane with sodium 
and ethanol. 
CHAPTER IV 
SUMMARY 
While attempting to prepare sodium tetrakis(2-benzo-
[b]thienyl)boron, a synthesis-for 2-benzo[b]thienylsodium 
was found which reduced the reaction time from several days 
as reported in the literature (2) to approximately twenty_ 
minutes. This conclusion was based on the appearance of the 
color of the 2-benzo[b]thienylsodium. This color is reported 
to be, and confirmed by our research, a deep red-violet or 
purple precipitate. 
The ~-benzo[b]thienylsodium was prepared by stirring, 
under nitrogen, benzo[b]thiophene with a large excess of 
sodium sand. Although the purple precipitate was produced 
in. twenty minutes, the st1rring was continued for twenty-four 
hours. 
Reactions of 2-benzo[b]thienylsodium with benzaldehyde, 
benzophenone, acetophenone, and benzyl chloride were studied. 
After the reactions with benzophenone and benzaldehyde, it 
was found that when ethanol was added to destroy the excess 
sodium, complicated side reactions occurred, for the products 
isolated were not the products expected. The reaction of 
the organometallic with·benzaldehyde produced phenyl(2-benzo-
' [b]thienyl)methane; with·benzophenone it produced diphenyl-
methanol. 
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In subsequent reactions the excess sodium was removed, 
and the products isolated were'the expected products. Reac-
tion .of 2-benzo[b]thienylsodium with benzyl chloride gave 
phenyl(2-benzo[b]thienyl)methane, with acetophenone gave 
l-phenyl-1(2-benzo[b]thienyl)ethanol, and again withbenzal-
dehyde produced the desired pheny1(2-benzo[b]thienyl)methanol, 
which was partially purified using thin layer chromatography. 
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